els are decreased significantly in patients with chronic atrophic gastritis, an important precursor of gastric carcinoma [3] [4] [5] [6] . It has been suggested that the measurement of serum pepsinogens can identify people at high risk for gastric cancer.
The use of serum pepsinogen measurement for gastric cancer screening has been described in Japan, with encouraging results [7] [8] [9] [10] . However, because of potential ethnic, environmental, and disease differences, the use of serum pepsinogen screening requires local validation. Significant differences in serum pepsinogen levels were found between subjects in the Netherlands and Japan [11] . The aim of the present study was to study serum pepsinogen levels in control subjects and patients with gastric cancer in Singapore, with reference to histological features and Helicobacter pylori.
Subjects and methods
Specimens and data were collected prospectively from January to December 1998 from 46 patients with newly diagnosed gastric carcinoma and 70 control subjects with no endoscopic gastric abnormality. Patients were interviewed and blood samples were collected for assay. Control subjects were selected when they had no endoscopic abnormalities on evaluation for either dyspepsia or source of gastrointestinal bleeding. We excluded subjects under age 40 years, as age is a known factor affecting serum pepsinogen level, and gastric cancer is rare before age of 40 [7] . Patients with previous gastric surgery or any other treatment for stomach cancer, such as chemotherapy or radiotherapy, were excluded. Informed consent was obtained from all patients before the data was collected.
Serum samples were separated by centrifugation and individually stored at Ϫ20°C. Serum pepsinogens were
Introduction
Gastric cancer, despite a recent decline in its incidence, is still a leading cause of cancer death in the world. Results of treatment are often disappointing because most patients present late, a situation that occurs in Singapore and in most countries [1, 2] . Early diagnosis can improve the outcome of gastric cancer, as this disease is curable in the early stages. Pepsinogen is a precursor of pepsin. The serum pepsinogen level reflects the secretory function of the gastric glands. Lev-measured by using pepsinogen I and II Riabead Kits (Dainabot, Tokyo, Japan), a modified radioimmunoassay method that had been described by Ichinose et al. [12] The serum sample was mixed with the pepsinogen antibody bead and the tracer ( 125 I-labelled pepsinogen antibody). The reagents were agitated for 3 h at room temperature, and washed with distilled water. The radioactivity of the beads was then counted.
IgG antibodies to H. pylori in patient serum were detected using the HEL-pII Test kit (Amrad, Victoria, Australia). The HEL-pII Test kit utilizes the enzyme-linked immunosorbent assay (ELISA) technique for the detection of antibodies to H. pylori. This ELISA kit has been evaluated in our laboratory on a series of local patients with known H. pylori histological status, with a demonstrated sensitivity of 90.2% and specificity of 83.3% [13] . Serum gastrin level was measured by radioimmunoassay, using the Gamma Dab [
125 I] Gastrin Radioimmunoassay Kit (DiaSorin, Stillwater, MN, USA). A pepsinogen (PG) I/II ratio of less than 2.5 was considered to be a biochemical marker of chronic gastritis, whereas a pepsinogen I level of less than 25 ng/ml was considered to indicate the presence of severe atrophy [14] .
Histological assessment of gastric cancer
The gastrectomy specimens of gastric carcinoma were reviewed by two pathologists who were unaware of the other study results. Gastric adenocarcinoma was graded into well-, moderately, and poorly differentiated carcinoma. Histological gastritis was assessed in two random sections of nonmalignant gastric mucosa in the specimen. Chronic gastritis was diagnosed if there was an abundance of mononuclear cells in between the gastric glands. Gastric atrophy was diagnosed when there was a loss of gastric glands in the mucosa. Intestinal metaplasia was defined when the mucosa was replaced with intestinal-type epithelium.
Statistics
Serum pepsinogen I and II and gastrin levels were compared between the control subjects and gastric cancer patients. Association between the serum pepsinogen levels and other clinicopathological variables was evaluated with Student's t-test. The 2 test was used to calculate the relative risk of cancer in patients with a very low PG I/II ratio. Correlation between the PG I/II ratio and serum gastrin level was assessed by Spearman's test.
Results
Forty-six patients with gastric cancer (median age, 66 years; range, 23-79 years) and 70 control subjects (median age, 55 years; range, 40-87 years) were studied. The male:female ratio was 31 :15 in gastric cancer patients and 26 :44 in controls. Thirty-four tumors (74%) were poorly differentiated, and 12 were moderately differentiated carcinoma. Serum levels of pepsinogen I, pepsinogen II, and the PG I/II ratios in the cancer patients and controls are summarized in Table 1 . Eightyone percent of subjects with gastric cancer and 62% of control subjects were H. pylori seropositive (P ϭ 0.04). Overall, cancer patients had significantly higher levels of pepsinogen II and pepsinogen I than control subjects. The PG I/II ratio was significantly lower in cancer patients, as the increase in pepsinogen II was proportionally more than that in pepsinogen I. No difference in serum gastrin levels was found between the two groups. The serum pepsinogen I and pepsinogen II levels in cancer patients and controls in relation to H. pylori status are shown in Table 2 . The other clinical or pathological variables had no effect on serum pepsinogen levels (Table 3) Of the 46 patients with gastric cancer, 34 patients underwent gastric resection. Chronic gastritis was present in all but one (97%) of the resected specimens. Intestinal metaplasia and gastric atrophy were present in 56% and 15% of the specimens, respectively. Twelve (26%) of the cancer patients had a PG I/II ratio of less than 2.5, compared with 7% in the control subjects (P ϭ 0.006) Fifteen percent of those with cancer and 9% of controls had a pepsinogen I level of less than 25ng/ml (P ϭ 0.21). A serum PG I/II ratio of less than 2.5 was significantly associated with an increased risk of gastric cancer (relative risk, 4.6; P ϭ 0.007, Table 4 ). The positive and negative predictive values of a serum PG I/II ratio of less than 2.5 for gastric cancer were 71% and 65%, respectively. Gastrin level was significantly higher in patients with a serum PG I/II ratio of less than 2.5. There was a significant negative correlation between serum gastrin level and PG I/II ratio ratio (Spearman's correlation coeficient, Ϫ0.28; P ϭ 0.002).
Discussion
Two biochemically distinct pepsinogens are produced by gastric mucosa. Pepsinogen I is produced primarily by fundic mucosa, whereas pepsinogen II is secreted by fundic, antral, and duodenal mucosa. Levels of both serum pepsinogens and of serum gastrin have been shown to be accurate functional markers of the state of the gastric mucosa [3, 4] . The serum pepsinogen I level and the PG I/II ratio were low in chronic atrophic gastritis. Chronic atrophic gastritis is believed to be an important premalignant condition for the development of gastric carcinoma, particularly the intestinal type [5] . The serum PG I/II ratio is also reduced in gastric carcinoma, as pepsinogen I decreases proportionally more than pepsinogen II. In contrast, the serum level of gastrin is increased in atrophic corpus gastritis [15] . In Japan, where studies have shown a high prevalence of chronic gastritis, serum pepsinogen has been studied as a mass screening tool for the detection of gastric cancer [7] [8] [9] [10] . Screening by using serum pepsinogen has advantages over other methods such as endoscopy and barium studies. It is simple and inexpensive, and there is no radiation hazard. Early studies from Japan have shown that the serum pepsinogen I level was significantly lower in gastric cancer patients than in normal controls [8, 16] . In contrast, no difference was found in serum pepsinogen II levels between the two groups. Hence, the PG I/II ratio was lower in gastric cancer patients. Various cutoff values for screening have been proposed; typically, serum pepsinogen I less than 70µg/ l and a PG I/II ratio of less than 3 are used for screening. The sensitivity and specificity ranged from 55% to 84.6% and 73.5% to 78.9%, respectively [7] [8] [9] [10] .
Our results were quite different from the Japanese data. In our study, both pepsinogen I and pepsinogen II were significantly higher in gastric cancer patients than in the control subjects. The increase in pepsinogen II levels was greater than that in pepsinogen I, so there was still a decrease in the PG I/II ratio in cancer patients. In this study, we employed the same radioimmunoassay technique to measure serum pepsinogen as in the original description [12] . A standard curve was constructed before the actual measurement was performed, and all the tests were repeated twice to confirm the readings. There may be several reasons for the difference in the the two populations. First, there is a difference in prevalence of gastric atrophy. In our study, only a minority of our gastric cancer patients had evidence of gastric atrophy by both biochemical and histological assessments. In this study, the measured PG I/II ratio correlated well with the serum gastrin measurement. Our findings are also consistent with a previous report from our hospital, in which only 22% of gastric cancer specimens showed evidence of atrophic gastritis in the gastric body [17] . In Japan, however, over 90% of gastric cancer patients have evidence of atrophic gastritis [18] . It is well known that there is a wide geographic difference in serum pepsinogen levels and in the prevalence of gastric atrophy [11, 19] . Gastric atrophy has a stronger association with intestinal-type than with diffuse-type gastric carcinoma [5, 19] . In our study, most of the cancers were poorly differentiated. Our data indicate that a significant percentage of gastric cancers in our population develop without the presence of gastric atrophy. We conclude that the latter is therefore not an essential intermediate step in gastric carcinogenesis.
Another possible explanation for the differences between our findings and the Japanese data may be related to the presence of H. pylori. Eighty-one percent of our gastric cancer patients were seropositive for H. pylori, compared with 62% of the controls. H. pylori infection is known to be associated with a raised serum pepsinogen II level and a decreased PG I/II ratio [20, 21] . Furthermore the majority of H. pylori strains in our population express cytotoxin-associated gene A (cagA) [22, 23] , which is known to be associated with more active mucosal inflammation and, hence, higher levels of serum pepsinogen I and II than other strains [24] .
In conclusion, compared with the findings in our controls, our study showed an increase in serum PG I and II levels and a lower PG I/II ratio in our gastric cancer patients. Gastric atrophy was present in a small proportion of patients with gastric cancer and may not be an essential stage in gastric carcinogenesis. Serum pepsinogen measurement is not useful for the screening of gastric cancer in our population.
